Abstract. The inverse mode problem of the two-span beam with both free ends is discussed. Physical parameters of the discrete system of the two-span beam with two free ends are reconstructed from two sets of strain modes and corresponding circular frequencies, and necessary conditions for the existence of the solution for the inverse problem are considered. Finally, two numerical examples are given and the formulation is verified.
Introduction
The inverse problem of structural vibration emerged in the mid-twentieth century. Research on the inverse vibration problem has not only theoretical significance but also potential engineering application. Since the 1980s, inverse problems of the discrete system and continuous system of vibrating rod and beam have been researched [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . In recent years, the qualitative properties of the discrete system and continuous system of the multi-span beam structure and the corresponding inverse problems have been researched by Wang et al [11] [12] [13] [14] . In general, however, there have been few research results for the inverse problem of the multi-span beam structure. For both daily life and engineering structures, the physical model of a two-span beam with both free ends is readily found. This paper investigates the inverse mode problem.
Firstly, the mode equations of the two-span beam with two free ends are given. On this foundation, the inverse mode problem of the two-span beam with two free ends can be raised and solved as follows. Two vectors for the discrete system of the two-span beam with two free ends that has two given vectors as its strain modes and µ λ , as the corresponding natural circular frequencies. Here d is the order number for the joint point at the location of the inside support. The existence conditions of the solution to the above inverse problem are discussed. The specific algorithm and two numerical examples are given.
Discrete Difference Model of the Two-span Beam with Two Free Ends
The governing dynamic equation of the non-uniform beam reads
where l is the length of a non-uniform beam, ) (x ρ the material density, ) (x EJ the flexural stiffness, ω the natural circular frequency, and ) (x u the displacement. The two-span beam with two free ends studied in this paper has an internal support at d
x . Using the second-order centered-difference formula, the discrete difference model of the two-span beam with two free ends is shown in Figure 1 . In Figure 1 In the above formulas, we define 0
In the following, we discuss the inverse mode problem of the two-span beam with two free ends in Figure 1 .
The dynamics equations of a spring-mass point-rigid rod vibration system as shown in Figure 1 can be written as 
The dynamics equation of the mass point d m at the location of the support is a balance equation and can be omitted. In the above equations, 
Inverse Mode Problem of the Two-span Beam with Two Free Ends
The inverse mode problem of the two-span beam with two free ends was outlined in the introduction of this paper.
Determination of the Corresponding Displacement Mode
In the following discussions, { } n r l 1 are taken as known quantities. At the same time 0 u and 0 v are given. From formula (2), the vector u can be calculated from the strain mode
This can be rewritten in matrix form as 
Solving the Inverse Mode Problem of the Two-span Beam with Two Free Ends
According to formula (1), the dynamics equations of mass point 0 m at two known natural frequencies are . , From the above two formulas, it is seen that the given displacement mode and strain mode should satisfy the restrictive condition Next, we calculate for the right span of the two-span beam. From formula (1), the dynamics equations of mass point n m can be written for two known natural frequencies as . ,
From the above two formulas, it is seen that the given displacement mode and strain mode should satisfy the restrictive condition and r f have the same meanings as in formula (6) .
Similarly, from formula (1), the dynamics equations of mass point i m can be written for two known natural frequencies and solved as 
Similarly, In conclusion, the total joint mass r m and total rotational stiffness of spring r k have been solved, and the inverse mode problem of the two-span beam with two free ends has been solved.
Condition for the Inverse Mode Problem of the Two-span Beam with Two Free Ends
For the solving steps above, it is seen that four conditions of the original data for the inverse mode problem of the two-span beam with two free ends should be satisfied as follows.
( 
Example
Example Consider a homogeneous two-span beam with two free ends and a given length of 3.2 m. Seventeen difference points are chosen, and the uniform intervals are ;
The results of the inverse problem are presented in Table 1 . 
Conclusion
We constructed the physical parameters of a discrete system of a two-span beam with two free ends using strain mode data. The only solution exists for a difference in one constant factor. The numerical results show that the inverse strain mode problem has lower requirements of the data discussed in this paper. In engineering practice, the strain mode can also be measured directly. The inverse problem given in this paper has been proposed reasonably and solved accurately.
